ABSTRACT
Introduction
In 1992, Viterbo obtained axonal regeneration by using end-to side neurorrhaphy without epineural window 1 . Despites being widely used 2, 3 the technique is considered controversial in literature 4, 5 . Some authors question the quality of axonal regeneration obtained and others could not repeat Virtebo's 6 findings. As end-to-side neurorrhaphy requires sutures, it presents disadvantages such as local trauma, granuloma formation, microscopic material instrumentation and extended surgical time 7, 8 . These aspects might justify some unsuccessful attempts of the technique and some contradictory elements in literature 9 . Looking for successful surgical procedures, many studies have been performed in order to minimize the use of suture in nerve anastomosis 1, 6 . The fibrin glue has been studied as an alternative to suture in end-to-end nerve anastomosis 10 . Its usage may improve the results as it is atraumatic, can be performed without a microscope and reduces surgical time 9 . The role of fibrin glue at end-to-side nerve repair has not been completely established 9, 10 . Despite the few experimental studies available in literature its clinical usage has been reported to be successful 5 . Therefore, the aim of this study is to evaluate the axonal recovery after end-to-side anastomosis using fibrin glue in rats.
Methods
The study was approved by the Experimental Research Ethics Commission of the Federal University of Mato Grosso do Sul (UFMS) following international rules 11 . The experiment was performed at the Surgery Techniques Experimental Laboratory of the Faculty of Medicine, UFMS, from May to December 2007.
The experiment was performed with forty-five adult male Wistar rats (Rattus norvegicus albinos) ranging from 130 to 150 days old and weighing from 275 to 294 grams. The rats were supplied by the UFMS animal colony.
The animals were divided into three groups: A, B and C. The animals in group A (n=15) were not submitted to surgery. They were kept under observation as control group. The animals in group B (n=15) were submitted to fibular transection without repair. The animals in group C (n=15) were submitted to fibular transection and end-to-side nerve anastomosis with fibrin glue, in the lateral surface of an intact tibial nerve (without epineural window).
The animals in groups B and C were anesthesied with Ketamin (50mg/k) and Xylazin (50mg/k) by intraperitonial injection.
The surgical access to the fibular nerve was performed by a longitudinal incision measuring approximately four centimeters long at the upper-lateral aspect of the left pelvic limb (LPL) (Figure 1 ).
The fibular nerve was transectioned with micro scissors at three millimeters from its origin in the sciatic nerve. The stump was bended in an approximately 100° angle and fastened with a single polyamide 7.0 stitch in the abductor musculature.
The animals in group B were not submitted to repair (Figure 2) .
The animals in group C were submitted to an end-to-side nerve anastomosis using fibrin glue with preservation of epineuro according to the technique described by Mueller The skin was sutured with 4-0 polyamide monofilament continuous stitches.
The right pelvic limb (RPL) was not submitted to surgery. The surgery procedure was performed by the same researcher with microsurgery equipment and magnifying glass enlarging 4,5 times.
The second stage of the study started on the thirtieth day: the analysis of the motor function by means of the walking track analysis 12 , including groups A, B and C. The animals were placed on a walking down corridor (11,5 x 50 cm) with access to a dark environment. A cardboard sheet was placed on top of the corridor. The animals had their hinder paws painted and, as they walked, they left prints.
Four consecutive prints per animal were analyzed. The measurements used to calculate the function indexes were: distance between the talus and the third distal phalange (PL= print length); distance between the first and the fifth distal phalange (TS = toe spreading) and distance between the second and the fourth distal phalange (ITS = intermediary toe spreading).
According to the measurements taken the function index were calculated to determine the motor recovery of the animals. The indexes analyzed were Toe Spreading Test (TST) 12 , Print Length Factor (PLF) 7 , the Fibular Index (IF) 13 and the Sciatic Function Index (SFI) 14 . According to TST interpretation, the complete motor function loss results in an index smaller or equal to 30%. A 50% motor function loss is related to a 65% TST. The absence of motor loss is related to a 100% TST 12 . According to PLF interpretation, values close to zero, 90 days after surgery, indicate preserved motor function. The smaller is the index, the higher is the function loss 7 . According to IF interpretation the values close to zero represent normal fibular nerve function and values close to -100 (minus 100) indicate complete dysfunction 13 . According to SFI interpretation values close to zero are considered normal and values close to -100 (minus 100) indicate complete lesion of the nerve or absent nervous regeneration 14 . The walking track analysis was repeated ninety days later for comparison criteria. The researcher responsible for the walking track analyses was not informed about which group the animals belong in neither tests.
The animals were sacrificed with lethal dose of sodic pentobarbital (75mg/k) by intraperitoneal injection. Following the methodology used in the first procedure, a new incision was performed with disruption of the structures up to identification of the study area.
Nervous segments were removed for histological analyses from the extremity of the sciatic nerve and from the tibial and the fibular nerves. The microscopic slides were produced by means of fibular nerve transections 8 mm from its origin in group A, 5 mm from its distal stump in group B and at 5 mm from the end-to-side nerve repair with tibial nerve in group C.
The samples were included in paraffin and cut with microtome -five micrometers thick. Slides with four sectional cuts were obtained from each anatomical piece and dyed with hematoxylin-eosin (HE) 9 . The quantitative analysis of the axonal recovery was performed by means of digitizing the four fields of each slide (enlarged 400 times 
Results
During the study period, wound infection rate was zero and no animal died. There was no statistic difference related to mean weight of the groups in the begging and at the end of the study. In the begginig of the study, the mean weight of the groups was aproximatelly 280 g (p=0,190 ANOVA) and at the end of the study, ninety days after, was approximately 430g (p=0,934 ANOVA).
The analysis of the walking track test results (Table 1 ) using the function index showed that group C presented, on the 30 th day, walking pattern similar to group B. However, on the 90 th day, group C presented similar walking pattern to group A, indicating recovery. Comparative pictures on the 30 th and the 90 th days of the study illustrate the walking pattern of the groups in Figure 4 .
On the morphometric analysis (Table 2) , group C presented axonal recovery significantly superior to group B, showing the effectiveness of end-to-side nerve repair using fibrin glue. Histological analisys of fibular nerves of groups A, B and C animals are shown in Figure 5 . 
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Discussion
The functional analysis as well as the morphometric analysis confirmed the effectiveness of end-to-side nerve anastomosis using fibrin glue.
Mueller 9 obtained axonal recovery -confirmed by histology -after end-to-side nerve anastomosis using fibrin glue with similar results to the group submitted to end-to-side neurorrhaphy. The author obtained an average number of 55.81 + 19.87 axons per field and 5.51+1.9 micrometers of average axonal diameter for a group identical to group C. However, the author did not perform function tests on the animals, hindering comparative analysis.
Nevertheless, Bertelli et al. 10 studied nerves of upper limbs in rats nerves and did not obtain axonal recovery after end-to-side nerve anastomosis using fibrin glue. However, those authors analyzed animals with only 30 days of post-operatory and did not include a comparative group in their study.
The main questioning about end-to-side nerve anastomosis is concerned to the axonal sprouting mechanism from the donor nerve which goes through a real barrier formed by endoneurium, peurineirium and epineurium until reaching the receptive nerve 15 . According to many authors, a lesion on the nerveresulting from an "epineural window" or even by the minimal lesions (orifices) caused by the neurorrhaphy needle -is essential for the success of the technic 16, 17 . According to Liu et al. 16 , those small lesions would be enough to increase contact between the nerves and induce release of growth factors, contributing decisively for axonal sprouting. Robillard et al. 17 were skeptical in relation to the possibility of axonal sprouting without at least a minimal lesion on the donor nerve.
The results of the present study confirm the findings of Akeda et al. 18 and Matsumoto et al. 19 who verified axonal recovery even in a protected end-to-side neurorrhaphy model (noninjurious end-to-side neurorrhaphy models). It is understood that the lesion on the donor nerve, even a minimal one, may damage it and prejudice the nerve repair; therefore, it should be avoided 15, 16, 19 . The recovery obtained in group C supports the theory that the glue can be used in end-to-side nerve anastomosis, even and mainly without damaging the donor nerve 9 . The reproducibility of the findings in experimental studies for human beings is questioned. Liu et al. 16 were specific when referring to the fact that in humans the thickness of the epineurium, perineurium and even the endoneurium would prejudice the axonal sprouting with this technique. However Samii et al. 5 in 2006 reported a successful clinic case of end-to-side nerve anastomosis using fibrin glue in a vestibular schwannoma operation.
Millesi and Schmidhammer 20 state that the controversies about the techniques are based on its complexity and on the innumerous variables involved in the process. Therefore, more studies are necessary due to the importance of the theme, the diverging findings in literature and the results presented here.
Conclusion
The end-to-side nerve repair performed using fibrin glue resulted in axonal recovery in rats, which was histologically and functionally documented.
